This experimental study was designed to compare the effects and costs of 4% icodextrin and hyaluronic acid in intraabdominal adhesion formation in rats. This study included 30 healthy Wistar albino rats, each weighing 250-300 gr. Following cecal-ileal abrasion to rats in each group, the following treatments were applied: Group 1 (control, n:10) 5 ml saline irrigation; Group 2 (n:10) 5 ml 4% icodextrin solution; Group 3 (n:10) 3 ml auto-crosslinked hyaluronic acid gel. After 14 days, following a second operation, adhesion intensity scoring, histopathological assessment (inflammation, fibrosis) and costs were compared between groups. The lowest postoperative adhesion intensity score was found in the group 3 and the highest score was found in the group 1 (p=0.028). Group 3 had a non-significantly lower adhesion intensity score than group 2 (p>0.05). In terms of inflammation and fibrosis, group 2 had the lowest score, but there were no significant differences between all the groups (p>0.05). In terms of cost, 4% icodextrin is less expensive than hyaluronic acid. The results demonstrated that both hyaluronic acid and 4% icodextrin are similarly effective in reducing postoperative intraabdominal adhesions. In addition, 4% icodextrin is more cost-effective, which can be an advantage for clinical studies.
Introduction
Postoperative adhesion is diagnosed in many cases. Many researchers have investigated the reasons and means of preventing intraabdominal adhesions which cause many morbidities. After abdominal operations, the probability of developing intraabdominal adhesions varies between 67-93% (1,2).
In intraabdominal operations, appropriate surgical technique, minimally invasive surgery, less trauma on tissues, extensive drying and prevention of warming and minimum usage of sutures can be effective in preventing abdominal adhesions. In addition to these precautions, there are many studies of suitable pharmacologic agents as heparin, aprotinin, colchicine, cellulose, gelatin. Despite many previous studies, there is no standard method to prevent postoperative intraabdominal adhesions (3).
Many studies have investigated the use of adhesion barriers. One new product intended to function as an anti-adhesive barrier is auto-crosslink (its molecules are activated with each other) 100% pure hyaluronic acid gel (HA). It is stated that application of this gel prevents adhesion of damaged tissues by physical differentiation during the peritoneal healing phase. Also, by day 7 postoperatively, it is absorbed by reabsorption in the peritoneal cavity and by day 28 it is completely biodegraded from the body (4) (5) (6) . The efficiency of HA in prevention of intraabdominal adhesions has been shown by clinical and experimental studies (4, (7) (8) (9) (10) . However, the high cost of the product remains a potential consideration.
One of the polymeric solution 4% icodextrin (ID) also prevents adhesion formation. The icodextrin functions by temporarily separating peritoneal surfaces through hydroflotation. It persists for several days in the peritoneal cavity and is slowly absorbed by the lymphatic system into the systemic circulation, where it is broken down by amylase and metabolized to glucose (11) . Several experimental and clinical studies have demonstrated the efficacy of ID in reducing postsurgical adhesion formation (11) (12) (13) (14) (15) . In addition to these positive findings, the cheapness of the product is an advantage. Despite their advantages, these products are relatively expensive in many countries, and so the availability of cheaper products is of great importance.
The aim of this study is to compare the use of ID and HA in terms of their efficiency and economic costs.
Material and Methods
This study was performed in the Animal Research Laboratory of Gaziantep University. Approval was obtained from the Animal Experiments Local Ethical Committee of Gaziantep University before the study (07. 12.2009 12. / No:12.2009 . A total of 30 male WistarAlbino rats (average weight 250-300gr) were included in the study. Animals were kept in cages under standard laboratory conditions with a balanced pellet diet and sufficient water. After adaptation, they were randomly assigned into one of three groups. The surgical procedures were performed under semi-sterile conditions. For anesthesia, the animals received 30mg/kg of ketamine hydrochloride (Ketalar) intraperitoneally and intramuscular 10 mg/kg of xylazine (Rompun).
Formation of Adhesions
The abdomen was cut via a midline incision. The cecum and ileum protruded through the incision and were each abraded over a total area of 5 cm 2 using a toothbrush. Following the cecum-ileum abrasion, animals were divided into three groups and were administered 5 ml saline irrigation (group 1, control), 5 ml ID (group 2, Adept®) or 3 ml HA (group 3, Hyalobarrier gel®) into the peritoneal cavity. The abdomen was then closed by a running suture of 3/0 polypropylene.
Evaluation of Adhesion Formation
After 14 days, rats were sacrificed by cervical dislocation. The abdominal wound was opened with a reversed U-shape incision. We used a scoring system to evaluate adhesions. Evaluation was carried out by two independent observers. Peritoneal adhesion was recorded according to the Mazuji classification (16) . The extent of the adhesions was scored according to the chart presented in Table 1 . All the data for each animal were recorded on special cards. 
Histopathological Examination
Adhesion-carrying tissues were excised en bloc and fixed in 10% formaldehyde, then embedded in paraffin wax. Sections 5µm thick were stained with hematoxylin and eosin, and the structure of the adhesions was examined by light microscopy. The samples were evaluated blindly by the same pathologist to evaluate the presence of inflammation and fibrosis (Score 0: absent, mild. Score 1: moderate, severe).
Cost Analysis
The cost of %4 icodextrin was based on the cost of 1500 ml Adept® solution. Similarly, the cost of 3 ml autocrosslinked hyaluronic acid gel was based on the cost of 10ml hyalobarrier gel® . The costs of group 2 and group 3 were compared.
Statistical Analysis
Analysis of Variance (ANOVA) and chi-square test were used to compare the formation of adhesions among the groups. Inflammation and fibrosis were assessed with the chi-square test. Statistical analysis was planned to compare the costs between the groups.
Results
No animals died during the study and there was no incidence of intraabdominal abscess.
Adhesions
Adhesions occurred between the abdominal visceral organs and incision. The brushed caecum -ileum wall were mostly effected. In addition, there were also adhesions to incision among the omentum, small intestine and liver. Adhesion grades of the groups are presented in Table 2 . According to ANOVA test , there were significant differences in adhesion grades between groups (p=0.034). There were no grades 3 and 4 adhesions within groups 2 and 3. In comparing adhesion grades, a significant difference was found between group 1 ( Fig.1 ) and group 3 ( Fig.2 ) (p=0.028). Similiarly, a significant difference was found between group 1 and group 2 (p=0.049). Although adhesion formation scoring was higher in group 2 than group 3, the difference was non-significant (p>0.05). In addition, with Chi-square test performed between the group 2 and group 3, there was no statistical difference (p>0.05) by the means of scores of adhesion grades. Then the control group compared with group 2 and group 3 in the same manner, using Chi-Square test. There was statistically difference between the control group and other two groups (p<0.05). 
Histopathology
The histological findings of adhesions did not differ significantly between the control group and treatment groups with respect to fibrosis and inflammation (p>0.05). Group 1 showed the highest scores for inflammation and group 3 showed the lowest scores for inflammation. Moreover, there was no significant difference between groups 2 and 3 (p>0.05). Mediumhigh scores for fibrosis were higher in group 1 (Fig.3 ) than in groups 2 (Fig.4) and 3 , which had the same fibrosis scores. However, differences among the groups were non-significant (Table 3 ). 
Cost Analysis
As only the expense of the antiadhesive product considered, the approximate cost was 0.66 USD in a group 2 rat and 99 USD in a group 3 rat. The calculations were made basing the costs of 1500 ml Adept solution ($200 USD-March 2010) and 20 packs of 10 ml Hyalobarrier gel ($6600 USD-March 2010). Hereby there was no statistically meaningful difference between ID and HA groups wise preventing intraabdominal adhesions, the cheaper one was prefered without performing statistical comparison.
Discussion
Intraabdominal adhesion is a clinical complication that causes serious morbidities such as infertility, chronic pelvic pain and intestinal injuries. Some of these problems may entail re-operation. It was indicated that abdominal adhesions formed after secondary laparotomy extended the laparoscopy, complicated the exploration and increased the possibility of iatrogenic intestinal diseases (17, 18) . It was reported that, in general surgery, 1% of all attempts and 3% of laparotomies are caused by peritoneal adhesions (19) . This rate is higher in gynecological and pelvic operations. The incidence of intestinal obstruction varies between 0.3% and 10.7% in patients who underwent intraabdominal operations. The gynecological results of intraabdominal adhesions include infertility (%15-20), chronic pelvic pain, dyspareunia and ectopic pregnancy. Further, it is known that in reoperations, there is increased risk of bleeding and injury of adjacent organs (20) . The secondary problems of intraabdominal adhesions formed after laparotomy may cause to economical costs (17, 18) . This study determined that the control group irrigated with SF showed more significant adhesion scores than the ID and HA groups. Despite many previous studies, there is no standard method to prevent postoperative intraabdominal adhesions. In addition to the importance of operation technique, some other materials are also used to prevent the intraabdominal adhesions. Macromolecular solutions and mechanical tools may be effective to separate the traumatize surfaces within 5-7 days, which is the most critical period of the peritoneal healing phase. ID and HA are used in the present study. Previous clinical and experimental studies showed the efficiency of HA and ID in the prevention of intraabdominal adhesions (Table 4) . Rodgers (21) found no significant difference between ID and Ringer's lactate used in rabbits that underwent intestinal anastomosis. Müller et al (15) showed that, in rabbits, phospholipids and ID reduced intraabdominal adhesions significantly compared to Ringer's lactate. Shamiyehi et al (8) generated serosal defects on four separate areas in the intraabdominal cavity of pigs and observed that HA significantly reduced the adhesions. Baca et al (16) indicated that, in rats that underwent colon anastomosis, ID and Seprafilm groups showed reduced adhesion scores compared to the control group. It was shown that hyaluronic acid barriers could reduce adhesions by up to 50% after abdominopelvic operations (5). Hyaluronic acid-phosphate buffered normal saline solution used intra-operatively, especially in gynecologic surgeries, was examined in multi-centric studies and was found to be effective in the prevention of adhesions (22) . Many recent studies reported that bioresorbable membrane (Seprafilm®) composed of hyaluronic acid and carboxymethyl-cellulose was effective and reliable in preventing adhesions (23) .
In the present study, macroscopic examination indicated that adhesions and adhesion grades were significantly lower in the ID and HA groups than the control group. Although the ID group had higher adhesion intensity score than the HA group, no statistically significant difference was found between these two groups. The critical period for adhesion formation is the peritoneal healing phase that lasts approximately one week (21, 22, 23) . During this phase, HA remains in the peritoneal cavity for 7 days while ID remains for just 4 days (4-10,12), which may be the reason for higher adhesion intensity observed in the ID group, despite not being statistically significant.
Intraabdominal adhesions also increase financial costs. A previous study showed that secondary hospitalization and operations due to intraabdominal adhesions entailed additional costs of 1.2 billion dollars in the USA during 1988 (24) . Treatment costs for such cases remain high.
In this study, the calculation method used in rats were administered to human clinically:To maximize its effect, it is suggested that 20 ml/kg ID is administered intraperitoneally after the intraoperative lavage and operation (21) . Conduction of 100 ml peritoneal lavage per 30 min during the operation and post-operative administration of 1000 ml to the peritoneal cavity is suggested for the clinical use of ID (9, 10, 12) . To prevent intraabdominal adhesions, it is necessary to use 1500 ml ID for an adult patient undergoing an abdominal operation. The price of 1500 ml ID is $200USD for March-2010. Therefore, the case will cost approximately 200$.
For clinical use, it would be useful to apply 10 ml of HA in 1-2 mm thickness to each of the 100-150 cm² areas likely to form adhesion (9) . HA is available in 10 ml packages, each costing $330USD (March 2010). To estimate the abdominal cavity area of an adult patient, if the abdominal cavity is considered as a cylinder with an average radius of 12.5 cm and height of 25 cm, then the area of this cylinder is approximately 3,000 cm². Accordingly, if the HA is used as an adhesion preventive barrier to cover all sides of the abdominal cavity of an adult patient, then 20 packs of 10 ml HA will be required (since 10 ml is used for each 150 cm²). Therefore, this case would cost approximately 20×$330USD = $6600USD.
This study showed that the cost of using ID was considerably lower than that of HA. Based on the above cost estimates, the cost of HA would be 20 pieces × $330USD = $6600USD for 200ml, compared with an estimated cost for ID of 1 piece × $200USD =$200USD for 1500 ml. It is seen that there is a considerable cost difference between the two products when used for the prevention of intraabdominal adhesion.
ID has the advantages of low cost and easily application. The most important disadvantage of the HA and other hyaluronic acid adhesion barriers is their relatively high cost. Despite the lack of studies on this issue, total operation cost constitutes an additional burden, considering that 3-4 packages of HA may be required for each patient.
In conclusion, it was observed that the HA and ID are effective in the prevention of intraabdominal adhesions. Their effect is much alike. Our results match those of previous studies. We are of the opinion that ID is advantageous as it is cost-effective, easily applicable and it does not extend the period in either laparotomy or laparoscopy operations.
Despite the findings of existing studies, further studies are required to find the ideal adhesion preventive barrier.
